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Talk structureTalk structure

� What is R2D ?

� Relevant RHIC-I results

� Future non-identified particle measurements

� Future identified particle measurements in pp

� Future identified particle measurements in AA

� Summary
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A Heavy Ion ‘Dream Detector’: 
The best of ALICE, CMS and ATLAS combined

Prohibitively expensive ??
(requires the utilization of decommissioned HEP

detector components (from SLAC, FNAL, DESY))
Present projected price tag: $100 Million

Main detector is based on SLD magnet and calorimetry

High magnetic field concept
Dedicated high momentum detector over full phase space

R2D detector concept: R2D detector concept: hermeticityhermeticity and PIDand PID

Full η-coverage in one detector
e.g. Azfar’s talk
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Alternative: SAlternative: S--R2D based on CDFR2D based on CDF
(CDF, CLEO & BABAR have same field and magnet radius)(CDF, CLEO & BABAR have same field and magnet radius)
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We need high pt PID and large acceptance !We need high pt PID and large acceptance !

-4 -3 -2 -1 0 1 2 3 4     η

10 GeV

4 GeV

PHENIX

STAR, 4 GeV

R2D, 25 GeV

0

2π

φ



7

Relevant RHICRelevant RHIC--I resultsI results

v2 and jet quenching probe d.o.f above Tc !

Jet Quenching:
The ‘quenching’ of high pt particles due to 
radiative partonic energy loss.
Energy loss 15 times higher (several 
GeV/fm3 ) than in cold nuclear matter 
(compare RHIC AA to HERMES eA)

Hydrodynamics:
Strong collectivity in a liquid like (not 
plasma) phase which requires a partonic EoS

Constituent quark scaling:
recombination provides a description ~1.5 - 5 
GeV/c for identified particle properties
Caveat: string fragmentation might too !!
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Contributions to particle production Contributions to particle production 
in RHI collisionsin RHI collisions

pT

pQ
CD

Hy
dro

~ 2 GeV/c ~ 6 GeV/c

SoftSoft

Medium Medium 
modifiedmodified
fragmentation fragmentation 
(jet quenching)(jet quenching)

0

� pT independence 
of pbar/p ratio.

� p/π and Λ/K 
ratio increases 
with pT to > 1 at 
pT ~ 3-4 GeV/c
in central 
collisions.

� Suppression 
factors of p, Λ
different to that 
of π, K0

s in the 
intermediate pT
region.

PartonParton
recombinationrecombination

andand
coalescencecoalescence

Fragmentation Fragmentation 

~ 30 GeV/c ? 

LHC, RHIC-IISPS, RHIC-I

RHIC-II: p T to 30 GeV/c
Max. jet energy: 60 GeV
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High pt physics based onHigh pt physics based on
nonnon--identified spectraidentified spectra
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Medium Induced NonMedium Induced Non--AbelianAbelianRadiativeRadiativeSpectrumSpectrum
• In an In an In an In an expanding expanding expanding expanding medium the medium the medium the medium the gluon rapidity densitygluon rapidity densitygluon rapidity densitygluon rapidity density is the relevantis the relevantis the relevantis the relevant

jet quenching parameterjet quenching parameterjet quenching parameterjet quenching parameter

Underlying spectum
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• The density at the LHC is  2-3 
times larger. This pT range is 
dominated by gluons, not quarks, 
at the LHC
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Quantifying the modification of fragmentation functions Quantifying the modification of fragmentation functions 
through through γγ--tagged jets (e.g.heptagged jets (e.g.hep--ph/0310274)ph/0310274)

1.) a γ-tag is just a tool to minimize the uncertainty in z
2.) measuring the non-identified charged hadron away-side 

spectrum is sufficient as long as the energy loss is universal
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Requirements for a complete Requirements for a complete γγ--jet program jet program 

Broadening in η and pT in pp (γ+jet) and AA

� Full coverage in tracking and pid and calorimetry
�Preferably γ-jets to determine jet energy unambiguously

R2D rates per RHIC year: 

40 GeV di-jets: 120k
NChwith pt>5 GeV/c in γ-jets with Eγ = 20 GeV : 19,000

15 GeV: 200,000
10 GeV: 2,000,000

� Need hadronic calorimetry in order 
to apply isolation cuts for γ’s

Glueck et al., PRL 73, 388
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High pt physics in pp collisionsHigh pt physics in pp collisions
based on identified spectrabased on identified spectra
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pp at RHICpp at RHIC::::::::
NLO breaks down for heavy masses ?NLO breaks down for heavy masses ?

p+p->ππππ0 + X
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Octet baryon fragmentationOctet baryon fragmentation
BourrelyBourrely & & SofferSoffer (hep(hep--ph/0305070)ph/0305070)

Strong heavy quark
contribution to 
parton fragmentation 
into octet baryons 
at low fractional 
momentum in pp !!

Quark separation in
fragmentation models 
is important. FFs are 
not universal.

Depend on Q, Einc,
and flavorzz
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New NLO calculation based on STAR data New NLO calculation based on STAR data 
(AKK, hep(AKK, hep--ph/0502188)ph/0502188)

K0s (V0 vs NLO)

apparent Einc dependence of separated quark contributions. 
As of now only tested on light mesons
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Measured for charmed mesons 
and strange baryons 
(E791 – FERMILAB)
(hep-ph/0009016)

Possible explanation through 
parton recombination 
(hep-ph/0301253)

Measureenhancement in the 
production of particles that 
have one or more valence quarks 
in common with initial state 
hadron. 
Measureassociated kaon
and hyperon production. 
Measureparticle to antiparticle 
leading particle behavior.

Correlations in pp:Correlations in pp:
Study leading particle asymmetriesStudy leading particle asymmetries
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Detailed particle identified measurements in OPAL, ALEPH and 
DELPHI show:
a.) cos(ΘΘΘΘ) distribution between correlated pairs distinguishes 
between isotropic cluster (HERWIG) and non-isotropic string 
decay (JETSET) for production mechanism. JETSET is clearly 
favored by the data.
b.) strong local correlation of di-ΛΛΛΛ production based on ∆∆∆∆y
measurements
c.) correlated ΛΛΛΛ-Anti ΛΛΛΛ pairs are produced predominantly within 
the same jet, i.e. short range compensation of quantum numbers.

Question: Are these features of jet correlations reproduceable in pp 
at RHIC and are they modified by the opaque medium in AA ?

Correlations in pp:Correlations in pp:
Study identified particle correlationsStudy identified particle correlations
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pq,g > 10 GeV/c
all ηηηη

104 particles in pp

Are pp particle spectra at RHICAre pp particle spectra at RHIC--II        II        
pt limited ?pt limited ?

Maybe
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High pt physics in AA collisionsHigh pt physics in AA collisions
based on identified spectrabased on identified spectra
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Is the fragmentation function Is the fragmentation function 
modification universal ?modification universal ?

Induced Gluon Radiation

� ~collinear gluons in cone

� “Softened” fragmentation

in je

i j t

t

n e

:  increases

z :  decreases

chn

Modification according to Gyulassy et al. 
(nucl-th/0302077) 

Quite generic (universal) but attributable 
to radiative rather than collisional energy 
loss

z z
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Yu.Dokshitzer

Different Different partonspartons lose different lose different 
amounts of energyamounts of energy

Examples:
1.) dead cone effect for heavy quarks:
For heavy quarks in the vacuum and 
in the medium the radiation at small 
angles is suppressed (Dokshitzer & 
Kharzeev, PLB 519 (2001) 199)

2.) gluon vs. quark energy loss:
Gluons should lose more energy and 
have higher particle multiplicities 
due to the color factor effect.
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Gluon jet selections at RHICGluon jet selections at RHIC--IIII

1.) Large rapidity interval correlations
(Mueller-Navelet Jets)

2.) Three jet events (?)

3.) PT-dependence of γ-jets (?)

low-x gluon

0.001< xg < 0.1

high-x valence quark

0.3 < xq<  0.7 



24

Measuring the universality Measuring the universality 
fragmentation modification in the fragmentation modification in the 

mediummedium
1.) we need to understand 

fragmentation (hadronization) in 
pp collisions

2.) use the medium modified 
fragmentation functions in AA 

collisions

3.) Different flavor contributions 
to D(z) at different z lose 
different ∆z in the opaque 

medium. 

Measure fragmentation functions
in pp & modifications in AA.

Study z = phadron/pjet and x dependence :

High pT identified particles
Intra- and inter-jet particle correlations
Large ηηηη acceptance for γγγγ-tagged jets

Essential to understand hadronization

0.2 < z < 1   →→→→ 7 < p < 30 GeV/c

0.1 < x < 0.001 →→→→ 0 < ηηηη < 3
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strangestrange--charged charged hadronhadron correlations in AAcorrelations in AA

0-5% 10-30%5-10%

30-50% 50-70%

No significant difference for different trigger 
particle species at intermediate trigger pt.
Asymmetry might develop as a function
of trigger pt (increased jettiness)
But we are statistics limited, 
we need ΛΛΛΛ−−−−ΛΛΛΛ, ΛΛΛΛ-Anti- ΛΛΛΛ, ΛΛΛΛ-K to higher pt
Anticipated R2D rates:
50,000 ΛΛΛΛΛΛΛΛ pairs > 4 GeV/c , 5,000 pp pairs > 10 GeV/c

STAR preliminary

ΛΛΛΛ-charged particle
correlations as a
f(centrality)

Rudy Hwa. et al

STAR preliminary
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Shuryak QM04 ?

Exploring the phase above Exploring the phase above TcTc

The unique method to 
generate asymptotic freedom 
experimentally, i.e. the 
interplay between 
compression, expansion, and 
temperature might lead to a 
strongly coupled state in a 
certain part of the phase 
diagram above the critical 
temperature.

Is the coupling constant is 
running as a function of 
distance and temperature ?

liquid ?

liquid

plasma ?

gas
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The temperature dependent running The temperature dependent running 
coupling constant coupling constant ααss

A.Peshier et al. (quasi-particles)               O.Kaczmarek et al. (thermal mass, LQCD)
(hep-ph/0502138)                                              (hep-lat/0406036)

1.05 Tc

1.5 Tc

3 Tc

6 Tc12 Tc

in an expanding system: interplay between
distance and temperature
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How strong is the How strong is the sQGPsQGP ??
Lattice QCD :
ε/T4 never reaches the
Boltzmann limit
No perturbative QGP
No wQGP

Polyakov Loop QCD :
Perturbative QGP  (wQGP)
is reached at 3Tc
Different initial conditions
at RHIC and LHC !
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The The sQGPsQGP degrees of freedomdegrees of freedom
Models with standard partonic degrees of freedom above TC:
Zhe Xu (hep-ph/0406278):multi-gluon interactions (e.g.strong 2 to 3)

Models with massive colored degrees of freedom above TC:
Recombination models:constituent quark (dressed up valence quarks)

Models with massless colored degrees of freedom above TC:
A. Peshier (Hirschegg 05):quasi particles above Tc
E.Shuryak (hep-p/0405066):colored and colorless bound states above Tc
R.Rapp (Hirschegg 05):quasi-resonant heavy states above TC

Let’s learn from traditional plasma physics:
M. Thoma (hep-ph/0409213):strongly coupled, non-relativistic plasmas

Measurements :
� Elliptic flow v 2   - collectivitiy should reduce in a weakly interacting system
� jet quenching
� High mass resonance shifts due to partonic bound states (Shuryak)
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What is the relevant scale for QCD ?What is the relevant scale for QCD ?

pQ
CD

Hy
dro

SoftSoft

Medium Medium 
modifiedmodified
fragmentation fragmentation 
(jet quenching)(jet quenching)

� pT independence 
of pbar/p ratio.

� p/π and Λ/K 
ratio increases 
with pT to > 1 at 
pT ~ 3-4 GeV/c
in central 
collisions.

� Suppression 
factors of p, Λ
different to that 
of π, K0

s in the 
intermediate pT
region.

PartonParton
recombinationrecombination

andand
coalescencecoalescence

Fragmentation Fragmentation 

pT~ 2 GeV/c ~ 6 GeV/c0 ~ 30 GeV/c ? 

LHC, RHIC-IISPS, RHIC-I

timethadtf T(MeV)Thad = 170 300 ?Tf = 100 400 ?

deconfinem
ent

C
hiralsym

m
etry restoration
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Short life time [fm/c]
K* < ΣΣΣΣ*< ΛΛΛΛ(1520) < φφφφ
4     < 6  <     13      < 40 

Medium effects on resonances:
Mass and width modifications
Use resonances with light decay channels, 
e.g.φ,ρ to e+e-, ρ to ππ, a1 to πγ

ChiralChiral symmetry restorationsymmetry restoration

Measurements:
� Resonances in jets (Christina Markert, Breckenridge 05)

– Is the leading particle resonance different from the bulk matter resonances (off 
shell vs on shell, same side vs away side, leading vs. next-to-leading)

� Resonances to prove SBCS (Ralf Rapp, Hirschegg 05)
– Is off mass shell resonance (e.g. shifting or broadening in mass) visible in chiral

partner pairs (ρρρρ and a1) or (σσσσ and ππππ) via hadronic channels?

Vacuum
At T c: Chiral Restoration
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pq,g > 10 GeV/c
all ηηηη

106 particles in AA

Are AA particle spectra pt limited at Are AA particle spectra pt limited at 
RHICRHIC--II ?II ?

NO !!
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High High ppTT Identified particles & jets in R2DIdentified particles & jets in R2D
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Do we need RHICDo we need RHIC--II in the LHC era ?II in the LHC era ?
� Is the LHC viewing the sQGP through the distorted lens 

of the Color Glass Condensate  ? 

� Maybe the QGP degrees of freedom change from RHIC 
to LHC. Does the sQGP get weaker ? Are we in the 
sQGP sweet spot ? 

� The conditions will be different. This is a unique 
situation which allows us to study the QGP from two 
angles. RHIC-II offers longer running time, higher 
luminosity, more detailed detector capabilities. LHC 
offers higher energy and larger cross sections. 


